Small water bodies, until recently considered as wasteland, are an essential element of the so-called small water retention. Their main use can vary significantly, but they always play a positive role by increasing water resources and enhancing the natural values of the landscape. Moreover, by increasing biodiversity thanks to plants forming habitats for many species of flora and fauna, small water bodies act as a biofilter, improving water quality. But these small reservoirs belong to the groups of waters that are most exposed to damage, especially within the catchment area. Because of the invaluable role of small farmland water bodies, a study was undertaken to investigate their phytocenotic structure. In addition, an attempt was made to assess the level of threats and to indicate their role in the development of habitat conditions. The investigated reservoir was created in 2007. Before that time, it functioned as a part of the Zemborzycki reservoir, as they were close to each other. Almost the entire surrounding of this small reservoir consisted of farmland. In 2011 a revitalization project was carried out in the reservoir. Plants typical for wetland habitats were mainly introduced, while synanthropic vegetation was removed. Based on chemical and physical analyses, it can be concluded that the investigated reservoir serves as a natural biofilter thanks to the qualitative and quantitative changes in the structure of macrophytes. After the revitalization project, the investigated pond gained new aesthetic and ecological qualities.
INTRODUCTION
W ater in the natural environment, including agriculture, fulfills several important functions. On the one hand, it shapes the biodiversity and is an essential factor in preserving natural values, while on the other hand it determines potential crops and the level of economic development. The fulfillment of the conditions for sustainable development of agriculture requires, among others, complex water management within a small catchment. In these efforts, water has a leading role as a factor influencing the biological diversity and ecological balance. The role of agriculture in water management and in the natural environment increases with its intensification. The main sources of pollution from agriculture are mineral and organic fertilizers as well as leaks from septic tanks. Thus, large amounts of nitrogen and phosphorus enter the groundwater [1] .
The concept of landscape management and use is important in order to treat agriculture and environmental protection on the same plane. This is necessary, because the rate of changes in the agricultural landscape, especially in suburban areas, is very fast.
In small catchments, there are three basic forms of water resources: surface water in reservoirs, groundwater, and aeration zone water. Small water bodies, until recently considered as wasteland, are an essential element of the so-called small water retention. Their main use can vary significantly, but they always play a positive role by increasing water resources and enhancing the natural values of the landscape [2] . Moreover, by increasing biodiversity thanks to plants forming habitats for many species of flora and fauna, small water bodies act as a biofilter, improving water quality [3, 4] . Natural reservoirs retain up to 75-80% of sediments [5] . However, these small water bodies are also the most endangered [6] .
Because of the invaluable role of small farmland water bodies, a study was undertaken to investigate their phytocenotic structure. In addition, an attempt was made to assess the level of threats and to indicate their role in the development of habitat conditions.
STUDY AREA
Constructed on the Bystrzyca River, the Zemborzycki reservoir belongs to small, shallow, flow-through, urban and lowland water reservoirs with short water exchange time [7] . Because of these adverse characteristics [8] , it is exposed to the supply of large quantities of material, in relation to its volume, which causes rapid eutrophication and deterioration of water quality. In addition to the accumulation of mineral sediments, there is an accelerated accumulation of organogenic sediments, the depth and the usable volume of the reservoir are decreasing, and its recreational qualities are diminishing [9, 10] .
In 2007, after building a bike path along a large stretch of the western shore, one of the bays was cut off from the Zemborzycki reservoir, forming a separate reservoir in the immediate vicinity connected by a concrete culvert. The largest part of the reservoir catchment area comprises small intensively used fields. On the south side, there is a single-family residential neighborhood, as well as from the eastern side of the Zemborzycki reservoir. This is a small recess area, only 0.13 ha, constantly filled with water. Until 2010, this water reservoir was run down and functioned as a receptor of pollution; it was also used as an illegal rubbish dump. In 2011 some work was carried out which involved the removal of pollution and shrubs growing directly in the reservoir (Fig. 1) . This work included cleaning as well as plantings in the water reservoir and on the shore. In its current form, it serves as a natural and educational path (Fig. 2) [11, 12] . 
MATERIALS AND METHODS
Field investigations were conducted in 2011 and 2012 during three seasons -spring, summer and autumn. The study involved an analysis of physicochemical parameters of groundwater areas adjacent to the water reservoir, the reservoir itself, and of the Zemborzycki reservoir connected to it. In total, samples were collected from four study sites (Fig. 3) .
Temperature, water pH, electrolytic conductivity, oxygen content, total P and total N were analyzed.
The following instruments were used for the determination of physical and chemical properties of water: an OXI 330 oximeter manufactured by WTW (oxygen content, temperature), an electronic conductivity meter manufactured by Hanna (electrolytic conductivity), and a Slandi-produced microchip SP300 pH-meter (water pH). The content of biogenic nitrogen and phosphorus compounds was determined using a microchip LF 205 photometer (Slandi). Carlson's [13] Trophic State Index (TSI) was calculated based on Secchi disk visibility (SD), nitrogen (TN) and phosphorus (TP) content. Simultaneously, a floristic survey was conducted in the small reservoir and in the Zemborzycki reservoir. The vegetation was studied in horizontal transects extending from the shoreline to the maximum depth of their occurrence [14, 15] . The number of transects at each investigated site varied from 4 in the Zemborzycki reservoir to 8 in the small water body. Plant communities were examined and identified on the basis of vegetation relevés using the method of B r a u n -B l a n q u e t [16] . The syntaxonomic system was adopted after M a t u s z k i e w i c z [17] . The phytolittoral area and the length of the shoreline inhabited by macrophytes were determined on the basis of the actual vegetation map for the lakes using Macrostation ver. 8. The analysis of land use was made using Corel software. After cutting off the bay, the rush belt also increased significantly in the Zemborzycki reservoir (contact area) ( Table 1) . 
Analysis of physico-chemical parameters
The analyzed parameters showed significant differences between the study sites. Groundwater had the lowest temperature values. The water reservoir studied was characterized by the highest values of temperature, which resulted from morphological determinants (a shallow depth and the mass of water); it heated up very quickly under the influence of solar radiation ( Table 2) .
The most alkaline water was found in the Zemborzycki reservoir. The highest conductivity values were present in groundwater in the wet meadow (Table  2) , inhabited by communities from Molinietalia, representing anthropogenic associations.
The penetration of oxygen from air to water occurs only at the surface of contact of these two spheres. Thus, stagnant waters absorb less oxygen than wavy waters. The scarcity of oxygen in the water resides in the fact that the ability of gas to dissolve decreases with increasing temperature. In the analyzed reservoir, the amount of oxygen was often lower than in the Zemborzycki reservoir. During the analyzed period, there was no supersaturation of water with this gas and thus the lack of algal blooms, in contrast to the waters of Zemborzycki reservoir.
Electrolytic conductivity is a measure of the ability to conduct electric current. There is a close relationship between conducting electric current and the content of electrolyte ions in the water. Pure water is a poor conductor of electricity; pollution causes better current conduction. The highest values of conductivity were observed in the groundwater of the adjacent area, and the lowest ones in the pond waters (Table 2) . Nitrogen and phosphorous compounds are factors affecting the process of eutrophication. Studies so far have shown that the main factor limiting the development of biomass in the freshwater environment is phosphorus. The main source of phosphorous is agriculture -50%, and urban waste -41%. Among agricultural sources, livestock is considered to be the most important -34%, while fertilizers are relatively less important -16% [18] . The threat of aquatic eutrophication from agriculture is growing with increasing intensity of agricultural production. The surroundings of the pond comprise, in a major part, land used for agricultural purposes. Hence, the role of the small reservoir is huge. This is confirmed by the values of the analyzed compounds of nitrogen and phosphorus. In this case, the pond acts as the initial reservoir, reducing the amount of pollutants, and contributes to improving the quality of water in the Zemborzycki reservoir ( Table 3) .
The highest values of organic nitrogen and nitrates were found in the water flowing from the farm field. In 2011 the field was planted with sugar beet, which is a plant with high nutritional requirements. Foliar feeding was used in the spring, which immediately resulted in high contents of nitrogen in groundwater. In 2012 cereal and leguminous mixed crops were grown in the field and nitrogen concentrations were much lower.
In general, the lowest values of nutrients were found in the waters of the Zemborzycki reservoir where the pond waters affected this reservoir. Groundwater showed by far the highest values (Table 3 ).
An important indicator of conditions particularly favorable to the development of submerged macrophytes is Secchi disk visibility. The greater range of sunlight penetration, the higher is the colonization by this group of macrophytes. Higher values of this index were found in the water sampled from the Zemborzycki reservoir, and it also resulted in a greater diversity of macrophytes (Fig. 5) . (Fig. 6 ). These differences were statistically significant only in the case of two sites: in the Zemborzycki reservoir (W4) and in the field (P1) (Test F = 2.4, p= 0.05). 
Floristic analysis of the study area
The analyzed area occupied about 126 m 2 (1.3 are) with a maximum depth of 1 m (on average 0.6 m). Due to its morphometric parameters and distribution of vegetation, conditions typical for fish ponds dominated there [19, 20] . In 2007 almost the whole bay was covered with Typha rushes, with a large share of Glyceria maxima and Scirpus silvaticus. Almost the entire pelagic zone was overgrown with Ceratophyllum demersum. In 2011, after cutting off the bay but before rehabilitation carried out in the autumn, the bottom of the reservoir was covered in about 20% by Ceratophyllum demersum, Lemna minor and Spirodela polyrhiza, while Polygonum amphibium occurred occasionally. In addition, the whole reservoir was covered with plants, especially Typha latifolia ( Table 3) .
The gentle shore from the meadow side was covered with Carex hirta, Equisetum fluviatile, Phalaris arundinacea, Utrica dioica, and Typha latifolia. There were also Chamomilla recutita, Papaver rhoeas, Vicia sepium, and Poa palustris.
The entire surface of the reservoir was covered with macrophytes, with a large proportion of pleustonic macrophytes, which considerably reduced the occurrence of submerged macrophytes. The steep banks were covered with Phalaris arundinacea, Eupatorium cannabinum, Utrica dioica and single individuals of Typha latifolia. The share of ruderal species was by far the largest in this period.
Revitalization work carried out consisted in introducing to this area typical aquatic habitat species, among others: Iris pseudoacorus, Hydrocharis morsusranae, and Nuphar lutea. Following that revitalization, the analyzed reservoir was characterized by a great diversity of plant species. The number of communities inhabiting them did not increase, but their qualitative composition was rebuilt. Ruderal species disappeared and in their place aquatic species were introduced. It is a sort of ecotone -a transition zone between two diverse aquatic and terrestrial ecosystems.
Based on the analyses, the relationship was investigated between the occurrence of particular groups of macrophytes forming the littoral zone and the concentration of some nutrients (nitrogen and phosphorus). It was shown that higher concentrations of the analyzed parameters were in the reservoir when ruderal species and rushes dominated. However, the concentrations were lower when submerged macrophytes dominated. This relationship is confirmed by the high value of the correlation coefficient, which was for nitrogen (r = 0.79, p <0.05), while for phosphates (r = 0.67, p <0.05).
DISCUSSION
Revitalization projects are focused on the recovery of degraded and damaged areas. The aim is to give a new use to such areas of and to achieve a state in which their function changes for a new one. As a result of anthropogenic activities, landscape is continually changing, transforming its elements and characteristics. These changes are caused by almost every kind of human activity, but the most intense changes occur in urbanized and industrialized areas. The expansion of human activity leads, inter alia, to the conversion of geomechanical terrain, habitat and soil cover degradation, changes in the water cycle resulting in the intensification of surface runoff and subsurface infiltration reduction. In addition, it contributes to the discharge of wastewater and waste into the environment and changes in the mezzo-climate.
Bodies of water, including those created by man, are one of the environmental elements that are important in landscape revitalization. They are currently perceived by people as features that can be used for recreation as well as an enclave with unique natural environmental values [21] . Therefore, areas adjacent to any kind of reservoirs should be ordered and harmoniously developed. These activities, together with ecology-oriented projects, should cover the whole catchment area and include protective measures in the reservoir itself. Such consolidated actions will allow the gradual improvement of the ecological status [22] . Only such a method will reduce the eutrophication of reservoirs, which results in the reduction of natural and landscape values [23] .
Most of plant communities occurring on the shore of the reservoir are typical of wet soil and rich in nutritional compounds. The Scirpetum sylvatici community forms interesting inflorescences in aesthetic terms, which can be useful for shaping the edges of water bodies. Eupatorium cannabinum and Lysimachia vulgaris may also have similar application. In the vicinity of the buildings, there was a dense belt of Corylus avellana, while from the Zemborzycki reservoir communities of Aegopodium podagraria and Utrica dioica developed; they are often a replacement system for riparian forest communities [17] .
The flowering of herbaceous plants, dominated by Aegopodium podagraria, is accompanied by an interesting visual effect. Communities with a majority of Utrica dioica are a result of over-fertilization of meadows with liquid manure and farmyard manure and they grow at places of particularly high nitrogen and phosphorus concentration in the soil [24] .
Many species occurring in the vicinity of the pond are the result of successional processes whose pace, due to the activities carried out within the reservoir catchment and neglect, has significantly accelerated, pushing the plants out their natural habitats. Unwanted species in this environment include the following: walnut, hazel, mirabelle plum, and elderberry. With an increase in the water level, other species disappeared and only vegetation appropriate for this type of habitats survived.
From the point of view of usability of the reservoir, the most important was to maintain the highest species diversity of submerged aquatic plants and rushes. Ceratophyllum demersi, a very common species found in standing and slow moving waters across the whole country, occurred most frequently. It is characterized by a large expansion. It tolerates low transparency and among submerged species is one of the most deeply found water species. It would be valuable to maintain it, because in the Zemborzycki reservoir it disappeared completely a few years ago [25] . This tendency to disappear was also clear in the analyzed reservoir in 2011.
With an increase in the water level, other species disappeared and only vegetation appropriate for this type of habitats survived. The examined reservoir is subject to very intense changes. Proper development of the reservoir would include increasing its self-cleaning capabilities, and thus it would have a beneficial effect on the waters of the Zemborzycki reservoir. The unfavorable location of the reservoir, among fields and buildings, is a major risk affecting the rate of change in its floristic composition. From the point of view of its proper role, it should be maintained in accordance with the type of habitat.
